Background
Astrocytic tumors are the most common primary glial tumors of the central nervous system, and are divided according to the degree of anaplasia and presence of necrosis into low grade astrocytomas (diffuse astrocytoma, pilocytic astrocytoma) or high grade astrocytomas (anaplastic astrocytoma, glioblastoma multiforme). Glioblastoma multiforme (GBM) represents 50% of all gliomas and 20% of all operated intracranial solid lesions. The median age for diagnosis for all primary brain tumors is 57 years, although GBMs are often diagnosed at slightly older ages. GBM is more common in men and Caucasians. Symptoms at presentation may be acute or subacute and include seizures, headaches, weakness or sensory disturbances, language dysfunction, changes in behavior or personality, or cognitive impairment. Magnetic resonance imaging is the preferred method for radiologic diagnosis, as these tumors are contrast enhancing, often with central necrosis and peritumoral edema. Imaging with positron emission tomography and magnetic resonance spectroscopy may allow for non-invasive grading of gliomas, but pathologic confirmation is needed in most cases [1] [2] [3] .
The last decade has brought many advanced research discoveries such as the discovery of g linolenic acid selective activity against tumor cells or the deciphering the role of cysteine protease inhibitors in brain tumor development [4, 5] . Despite advances in therapeutic management of GBM, prognosis remains poor and the median overall survival rate is below 1 year. Even in the most favorable cases (young patients treated with radical surgery, radiotherapy and chemotherapy), death occurs in most cases within 2 years [1] . Several prognostic factors have been established: age, performance status, therapy (quality of surgery, radiotherapy, chemotherapy), and specific tumor characteristics such as location and nature (de novo or secondary to a low grade glioma; methylation of the MGMT gene promoter) [6] [7] [8] . At the time of tumor recurrence, treatment options are limited and survival is short. The infiltrative nature of GBMs may preclude repeat surgeries because of the risk of damage to adjacent areas [1, 3, 7, 12] .
HER-2/neu, also called c-erbB2 oncogene, is located on chromosome 17q21 and encodes for a 185 kD transmembrane glycoprotein with intracellular tyrosine kinase activity. The c-erbB-2 receptor belongs to the family of epidermal growth factor receptors that are crucial in the activation of subcellular signal transduction pathways controlling epithelial cell growth and differentiation [16] . Overexpression of c-erbB-2 protein is observed in 20% to 40% of breast cancers and other solid tumors and is generally associated with a poor prognosis. It has been reported to have a prognostic value in medulloblastoma and other neoplasms such as breast and lung cancers [9, 10] . Recently, there have been some experimental approaches associated with anti c-erbB-2 receptor strategies as a gene therapeutic intervention in glioblastoma [9] [10] [11] [12] . The c-erbB-2 protein was originally identified in the brain and is thought to play a critical role in neurogenesis. The overexpression of the c-erb protein appears to be correlated with aggressiveness of various tumors, including malignant gliomas [9, 13, 14] .
The aim of the study was to evaluate c-erbB-2 protein expression in astrocytic tumors of various grades.
Material and Methods
We identified 65 patients with histopathological diagnosis of astrocytoma and glioblastoma. We retrospectively waived the 10% buffered formalin-fixed, paraffin-embedded sections. The patients were divided in 3 groups based on histopathologic diagnosis of their tumors: diffuse astrocytomas G2 (group I), anaplastic astrocytomas G3 (group II), glioblastomas G4 (group III) based on the criteria accepted by WHO (based on WHO Classification of tumors of the central nervous system by Louis DN et al Lyon, 2007).
Evaluation of c-erbB-2 protein expression was performed using immunohistochemical method. Following deparaffinization and rehydration, epitope retrieval was carried out in the EnVision Flex Target Retrieval Solution (DAKO) in high pH. Endogenous peroxidases were blocked by incubating the sections in methanol and 30% hydrogen peroxidase for 20 minutes. Next, slides were incubated with polyclonal antibody against c-erbB-2 protein (Novocastra NCL-cerbB-2316) in 1:50 dilution overnight in 4°C. Visualization reagent (ABC Kit, Novostain Super) was applied for 30 minutes followed by DAB solution for 5 minutes. The slides were than counterstained with hematoxylin and examined under light microscope. Immunohistochemical evaluation of protein expression was performed by 2 independent pathologists. The intensity of immunostaining was evaluated in 10 random fields under 20X magnification. The results were expressed as the percentage of cells with a strong positive membrane staining as follows: ≤10% positive cells-negative (-), between 11-50% (+), and ≥51% positive cells (++) [3, 9, 10] .
Appropriate positive and negative controls were performed. Negative controls were performed using a nonimmunized IgG replacing the primary antibody. Known c-erbB-2 protein expressing breast cancer and lymph node with metastatic disease were used as positive controls. The c-erbB-2 protein expression was evaluated and compared in all of the groups and the intensity of the staining was related to the nonneoplastic cerebral tissue containing neocortex and adjacent white matter (Figure 1 ). 
Statistical analysis
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Diffuse astrocytomas (G2) occurred mainly in younger and in male patients, compared to glioblastoma which more commonly occurred in older patients.
In group I, c-erbB-2 protein expression was observed in 15/17 cases (88.3%); 7 (41.2%) were (+) positive, and 8 (47.1%) cases were (++) positive (Figure 2 ). In 8 cases the immunohistochemical reaction was very intense in 80-90% of the neoplastic cells.
In group II, c-erbB-2 protein expression was estimated in 22/25 cases (88%); 12 (48%) were (+) positive, and 10 (40%) were ( glial tumors with the strongest immunoreaction, it was discovered that the most evident positive staining was observed mainly in diffuse astrocytomas (47.1%), similar to anaplastic astrocytomas (40%), and less intensive in glioblastoma cases (34.8%). Only secondary glioblastomas (arising from low grade astrocytoma) were positive for c-erbB-2 protein, and all of the primary (arising "de novo") glioblastoma were negative for c-erbB-2 protein.
discussion c-erbB-2 expression was the most significant in diffuse astrocytomas (G2) and anaplastic astrocytomas (G3), and less significant in glioblastoma (G4) cases.
In the glioblastoma group the intensity of the staining and the percentage of the positive cells were more suggestive in younger patients, although it was not statistically significant (p=0,829). In the glioblastoma group most cases showed weak positive immunostaining, estimated as (+) positive, and 17.4% of glioblastoma cases were negative for c-erbB-2 expression.
Astrocytic tumors are the most common primary central nervous system tumor classified according to tumor cell type and histological grade. For newly diagnosed patients with glioblastoma the standard treatment is maximal surgical resection followed by radiotherapy (RT). Chemotherapy is often used during or after RT. Recent data suggest that combining temozolomide with RT significantly improves median survival when compared with RT alone (from 12.1 to 14.6 months); however, survival still remains poor [1, 8, 15, 16, 18] . Recent studies suggest that aberrations of c-erbB-2 may be involved in astrocytic brain tumor development and progression, and its expression might be potentially significant owing to the role of recombinant monoclonal anti-HER-2/ neu antibody trastuzumab (Herceptin) in the treatment of tumors [3, 11, 12, 17, 21] .
There is a tremendous amount of recent literature on gene and microarrays on glial (including astrocytic) tumors, and many have presented EGFR, VEGF, and other markers as therapeutic targets; nevertheless, there are many inconsistencies, resulting in poor prognosis and failure of treatment in patients with primary brain tumors [6, 7, 15, 19, 20] .
Similar to the results of the present study, Bian et al. [15] suggested that aberrations of c-erbB-2 might be merely an early event in the initiation and progression of astrocytomas, presenting, similarly to our results, the strongest cerbB-2 expression in low grade astrocytomas. Happasalo et al. [16] observed negative immunoexpression for c-erbB2 protein in all 94 astrocytic neoplasms, similar to the results of Haynik et al. [10] , who estimated all 49 glioblastoma tumors as negative for c-erbB-2 protein reaction, Torp et al. [14] who evaluated c-erbB-2 protein expression in 9 of 21 glioblastoma tumors (43%) and Duhem-Tonnelle et al. [17] , who suggested that only erbB-3 may represent a new potential therapeutic target to gliomas.
Our results differ from those presented by Kristt et al. [13] , who observed increased c-erbB-2 protein expression in glioblastomas, similarly to Liu et al. [2] , who estimated c-erbB-2 expression in 76% of glioblastomas. The important role of c-erbB-2 expression in gliomas is also confirmed by Giles et al. [20] and Gao [21] et al., who observed that inhibition of c-erbB-2 greatly decreased glioma cell survival after irradiation, concluding that simultaneous inhibition of c-erbB-2 expression can promote potent antitumor activity and radiosensitizing activity in human glioma.
The results of our study show c-erbB-2 protein expression as an early phenomenon in astrocytic tumor development, as the strongest c-erbB-2 protein expression was observed in diffuse astrocytomas compared to the other examined glial tumors. Secondary glioblastomas, which in our study occurred mostly in younger patients, also showed very strong c-erbB-2 immunoreaction compared to primary glioblastomas. This might be also be evidence for a role of c-erbB-2 disorder in progression of astrocytic tumors. The c-erbB-2 protein expression differences between primary and secondary glioblastoma in our study might suggest that secondary glioblastoma development is associated with c-erbB-2 protein expression, but there are no clear data to confirm this suggestion.
Our research will be continued with a larger group of the patients and we will attempt to confirm the presented results using ISH methods.
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